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TOR GVELTING BALL-BRARING STEEL |

Engincors M, I. Kolosov, 1., Ya. Ayzenshtok |
and No Vo Keyse
(Cholyabinsk Metallurgical Flant)

Mo establish the optimum technology for ponufacturing ball=bearing
steel in the Chelyabinek meballurgical plent, an investization has been

conducted for dotermining the effect of the deoxidizing method on the con=

tent of nonmetallio inolusions and the surface quality of ingots. Three

¢
!

methods have been uped for experimental heats.

1, Deoxidation with carbide slag and lump ferrosilicon e

A 30=-ton baslo electric furnace was uged for melting., Turnace charges
for melts with boiling comprised 75-90% of carbon steel scrap and 25-10% ,
of pig iron and for remelts = 80% of scrap of thesame type steel and 204 of ;“

carbon~pure iron, After melting the metal contained 1,25% O and 0,85% 0

respectively.

In cases of melts with boiling, iron ore in vatches of 400-B0OO kg and !
1ime were introduced into the furnace after the whole charge was melted.
Slag was remcved 1«2 times during the boiling process and new slag m formed |
of fluorspar and lime. The rate of oarbon oxidation varied from 0,005 to

| 0,008% per minute, Total time of bolling was from 50 minutes to 1 hour

50 minutes.

Refining was 0o joted under carbide sleg, the mixture for which was
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Terrochromium was introduced into the deoxidired bath 1 hour = 1 hour
20 minutes after the veginning of refining, The desirable extent of deoxi=
dizing vas determined by ehrinkesge of the metal in & gmall orucible. Torty
minutes before tapping the cargide slag had to be converted into white slag
vy adding only lime instead of the 1ime=coke mixture. The metal was deoxin
dimed with lump ferrosilicon 15-20 minutes before tapping.

Before tapping the dustility and gas content of the metal was tested
ueing & sample forged in the form of & 12=15 mm thick pollet. Aluninum in
the amount of 0.4 kg/ton wos introduced into themelt 1=3 minutes before
tepping when sloctrodas had already been 14fted, The length of refining
varied from 1 hour 45 minutes to 2 hours 30 minutes,

The temperat\u‘mof the metsl ot tapping was 1500-1510°. The motal
was transferred into o ladle together with slag ond, after stoying in the
1edle for 10 minutes, vas poured into square molds with 2.25% tnper by the
riging methode Time of pouring the ingots to the 1evel of hot tops was 140=
210 sece

After 6-hour cooling in the molds the ingoets (1200 kg in weight) were
gubjected to gurface conditioning,

All ingots, according to the quality of their surface, were divided

into 6 groups:

ingote acceptable without conditioning 0
ingots requiring conditioning with chipping-hammers I
game, but to & greater extent Il
ingots requiring conditioning by gﬂnd.ing 111
game, but to a greater extent v
rejected ingote v

The suwrface index vas determined by the formulas
K__ 0'/-(+I*ﬂ . |00
= ~o+1 +Z+M +IE
where 0, I, II, 111 and IV denote the number of ingots of the related groups
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The surface index of ignots poured from steel smelted by the procese
hore desorived varied from 50 to TO%.

Oontiol of the contend of nonmetallic, inclusions was mainbained by
examination of 2-3 eamplos from each heat, Samples of 90 x 90 mm orose=

goction were taken at a dletance of 16-18% of ingot height from the top of

the ingot,

B B SR

The quality of metal produced did not satisfy theunscessary requirements,

and therefore an attempt was made to find the optimum technologiocal conditions
i for melting, The effect of ceparate factors on the gteel qunlity has been
studied on 1100 heats, from which number 582 hoats were conducted with boil=
ing cnd remaining heats vere made by the method of remelting.
Since the amount of nonmetallic inclusions is & basic quality index for
bell-bearing steel, the effect of individual factors in the melting process i
- Lf wos evaluated by the content of oxides in the finished steel, taking into
‘ considerntion that there is & definite relation between contents of oxides
and sulfidees [Ti_T. this relation also being corroborated by the authors'
experimenta.
Results of examining 210 heats show that the metel smelted with boiling
action hardly differs from the metal obtained by the repelting methods

The 1,00-1.25% range must be accepted as an optimum carbon content in

metal upon melting=-down, becauge at this content the maximum nunber of heats
hag the lowest oxide evaluating number 1.5 or 2.0.

There are several opinions evaluating the role of manganese in the
basic process of steelmaking. P. Ya. Agoyev [E] 17 does not recognize any
preventive action of manganese in regard to overoxidation of metal or any
dependence of the oxide-contamination of finiehed steel.on the manganese
content in the first sample of metal right after melting-down. A. M.
Samarin [:h;T plotted, on the basis of theoretical caloulations, a curwe
for the relation between the content of ferrous iron in ateel and the con=

tent of residual manganese and almo demonstrated that manganese doed not
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prevent any oxidation of the metel bath, Finally, the practice of the
Chelyabinsk metallurgical plant shows that melting without addition of ferro=
menganese does not impalr the quality of metal,

However M. M. Xarnaukhov L_SJ end G, Shenk L-GJ acknowledge a ocon=
giderable effect of monganese on decreasing overoxidation of the metal,

A T Martoymov [71_7 aleo assumes that at least & 0,15-0,20% content of
manganese in metal im necessary for obtaining steel frec of nonmetallic
inclusione., Investigations conducted by tho authors do not corroborate thie
opinion,

The length of boiling must be between 1 and 1.5 hours and the refining
veriod has to be in the range of 1,75=2 hours., Prolongation of these periods
inevitably leads to finisghed steel contaminated with oxides to a greater
extent,

Diffusion deoxidation with carbide slegs promotes the obtaining of
gteel free of nonmetallic inclusions. The content of oxides sharply decreases

if the carbide slag carburizes the metel by 0,03%, TFurther increase of the

|

carbon content is legs effective.

374 melts were conducted after changing the emelting technology accord=-
ing to the resulte of investigations described here; however, the tests
ghowed just s slight improvement in theqquality of the metal.

II. Deoxidation with carbide slag and fine ferrosilicon

Three variations of steel smelting have been investigated using this
method for deoxidation. In the first of these variations, diffusion deoxi~
dation with ground ferrosilicon hag taken place after the addition of ferro-
chromium, Fine ferrosilicon, mixed with lime, was intreduced into the
v O furnace in four to five batches, each containing U0=55 kg ferrosilicon, the
total consumption of which amounted to 200 kg of 75% PeSi and 275 kg of
Us4 Fes4.

- -
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Almost no use was made of powdered coke during the second half of refining
since the carbdide slag wae very stable. All ganples of metal during thie

part of the refining poriod demonstrated good quiet shinkage, Torged pellets
with drawn=off edges had no traces of gas evolution,

The soocond variation differed from the first by the amount of aluminum
added before tappingt 0.2 kg/ton instead of 4 kg/ton used in the first varie-
tion. Altogether, 25 heats were nade according to the first veriation and 17
acocording to the seoond,

- In the heats conducted according to the third verintion one 500 kg batch
of ore was added 2-2,5 hours from the beginning of melting, i.e. before com=
pletion of melting-down. Ferrochromium was introduced on the bure metal right
after removal of the oxidizing slag. Quartz sand wes ndded to the firet car-
pide mixture. 149 melts were conducted on this veriations

As & result of more complete deoxidstion of the slag, the metal made by
this variation of technology contained less eulfur (ea. 0,008%) than in the

|
|
|
i

cnse of deoxidation with lump ferrosilicon (0,0114),

Due to the sddition of ore before complete melting-down, the slag wee
formed earlier. This pormitted the use of Qull tronsformer capscity for an
sdditional 30 minutes without deteriorating the roof. As & result, the length
of the melting-down period was decrensed and the temperature of the metal dur= k
ing the Dboiling period was higher, i

This latter factor mande 1t poseible to decrease the power supply during
the refining pericd and subsequently to improve the quality of glags due to 'b
a decrease in their corrosive action againgt the lining of walls and roof,
Terlier addition of ferrochromium contributed to more complete elimination

of nonmetallic inclusions which entored the metal bath together with ferro=

|

l chromium,
! Thus, smelting of ball-bearing pteel by the method of diffusion deoxida=
|

tion with fine ferrosilicon results in obtaining considerebly better metal
than amelting with the addition of lump ferrosilicon at the end of the melt.

|

1

|

| Sy \
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partial depth deoxidation

Immediately after removal of the oxidising glag, vertial deoxidation of
the metal with aluminum and ferrosilicon has to be condusted, followed by
treatment with the carbide slag and final deoxidation with caloiume=silicon in
the ladle [ 7.7.

When such o method of preliminary deoxidation in depth ie used the coagu- ,
lation of nonmetallic inclusions and their floating proceed over quite & long i
pariod, actually during the entire refinine nrocess which lasts from Ii to
2 houre.

Oaloium=giticon is widely used for fizal deoxidation of metal in the ladle
in the metallurgloal plonts of Western Hurope L[73_T and the U.!SA.A[?b_]:

It 48 ueunlly ubilized for deoxidizing metal contaminated with difficul€§~
soluble oxidog [rh_f. since calcium scems to be the most active deoxidizer,
and the products of deoxidation, calcium silicates, are usually uniformly
distributed in finished steel in the form of small spheroidal particles. This
regults in obtalning metal free of nonmetallic inclusions and with practically
no aluminum oxides.

The thermal effect of caloium oxidation is conglderably greater than that
of silicon and aluminum oxidation and, therefore, the temperature of the !
metal on deoxidation with calcium=-silicon noticeably rises, facilitating the
floating wp of the products of deoxidation, In addition, calcium-silicon
promotes desulfuration of the metal since calcium is very amtive in combining L
with the sulfur of the metal, forming insoluble caloium sulfide which separates
from the metale

Metal deoxidized with calcium-silicon hae good casting properties.
Txperimental heats finally deoxidized with calcium=silicon in the ladle have

heen conducted in four variatlons.

-b =
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In conducting the heat by the first variation, denoted as IIIA, 800 kg of
limestone and 800 kg of iron ore were loaded inte the hearth of the furnace
beforo charging the weight of metal oomprised of 60=70% of large and 208 of
fine ocarbon steel ecrap and 10=-25% of open=heurth pig iren.

Limestone and fluorepar were added during melting=down in & quantity suf=
ficient for complete fluxing of the oxides of phosphorus and silicon and for
obtaining active slage.

Boiling was ocarried out intensively, burning out 0,35-0,45% 0, The
menganone content during the bolling process was not lower than 0415=0,20%
while there was no addition of ferromanganese, Iump 45% - ferrosilicon in an
amount calculated to add 0,07-0,10% Si and aluminum in the amount of 0,5 kg/ton
were added on the bare metal right after removal of the oxidizing slag and
then the reducing slag was made by addition of lime, fluospar and quartz sand,
Ferrochromiun and ferromanganens wore ndded after tho metal was covered with
reducing slag i;o. 15 minutes aftor the beginning of the refining process.

Bhe carbide slag wan formed from a mixture conslsting of 30 shovels each
of 1imo and fine coke and 68 ghovels of fluorapar,

Deoxidation with earbide 8lag was oontinued for 40=60 minutes, Iump ferro=-
silicon was added 20 minutes before tapping, Ite amount was calculated for
an 0,03-0,05% addition of silicon,

The motal was tapped withous elag which was removed from the furnace after
tapping had been completed., Piesces of calcium-silicon were introduced into
the ladle in the amount of 3 kg/ton. The composition of caleium=-gilicon was
55-62% 81, 27-28% Oa and 3,04 AL, The temperature of the metal during tapping
was 1505-1520°,

In conducting the heat by the second or IIIB variation of the smelting
Process iron ore was omitted from the preliminary charge, The furnace, right

after charging, was run under 240 volts and at full trangformer capacity, i.e.

7500 kva; after using 17,000 kwt=hours, it was swltched %o & medium voltage of
160 v,

-7
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Limestone and fluoraspar were added in geveral batches during melting and
the firet 4O0=500 kg welght of iron ore was introduced 2~R,5 hours after
switohing the ourrent on, The carbon contont upon melting-town measured not
less than 1.20%. Boiling was onrried out vigorously with particular attentfen
to motal heating, The temperature of the metel at the end of belling was
meintained not lower than the tappiug tomperature.

The contont of mangenese under normal condition of boiling was not lower
than 0,15% without an addition of ferromanganese. At the end of the boiling
period the metal aontained about 0,80-0.85%0.and not more than 0,20% P,

Thus, 0.35-0.u0$ 0 wag burned out for the entire boiling period which continued
from 50 minutes to 1 howr 30 minutes.

Immodiately after slagging off some ferromanganese wos added if necessary,
and lugp 45% - forrosilicon in an amount calculated for an 0.07% addition of
gilicon (taking into conesideration a 50% burning out)} 0.5 kg/ton of aluminum
and ferrochromium calculated for the lower 1imit of the desirable content of
chromium were also added.

The reducing slag was made of & mixture of following componentst 80 ghovels
of lime, 25 shovels of fluorspar and 5 shovels each of quartz sand and orushed
chamotte.

As soon as the liquid reducing slag had been formed, the carbide mixture
was loaded inte the furnace, Thls mixture comprised 25=30 shovela of fine coke,
20 shovels of lime and 8-10 chovels of fluorspar. Deoxidation with this highly=
active carbide slag continued at least 40 minutes. The slag after this proc=
osa contained not more than 8,804 FeO and not less than 55% Cal.

Charconl and sometimes fine coke were used for deoxidation of the slag
during the second half of the refining period, The carbide elag, toward
tapping time, was converted into white slag, which contained not more than
0.65% Pe0 and at least 55% 0a0. The total time of refining was from 1 hour

40 minutes to 2 hours.

-g -
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The III.V variation differed in ite melting procedure from the IIIB vari=
ation only by an extra addition of 0,25 ks/ton aluminum one hour before tapping.
The fourth variation, 1116, followed the procedure of the IIIB exfept '
that aluminum was not weed at all, \
Stool made according to the IIIB variation happened to be the purest with
reapect to nenmetallic inolusions. The metals resulting from these difforent
rrocedures showed little varlation in macrostructure, In conformity with
these results 200 experimental heats were mede by the IIIB method including
. 59 heats with oxidation and 141 heats by the remelting method, After an add-
itional 269 heate the technology of this method was accepted for production,
Comparison of the technological-econcgicsl indoxes for 100 experimentnl
heats using caleium silicon(IIIB "ariatian} ond 124 heate deoxidized with lump
ferrosilicon cotablished, beyond any doubt, the advantages of steel emelting
according to the IIIB variation: reducing rejootion in rolling more than 6
times, deoreasing clectric power consumption by 25 kwt=h/ton, improving the

surface quality index of 1ngot‘} and others, The following table gives the i

N index values on which the above conclusion is based,
Indexes Deoxidation | Deoxidation
{ with CaSi with lump
D e e o et e TeSi
[ with boiling 8-58 9-08
imom length of making the heat.{
(hourg=-min)Lby remelting 7-34 1-55 §
Refining period included in total time,(h,-m) 2-00 2«20
with boiling 866 893
Consunption of elsctric power, !
(lewto=h/ton) by remelting 819 832 |
Surface quality index of ingots, % 107.6 57.6
‘ Rojection in the melting shop, % 2,30 1.40
Rejection due to poor macrostructure, % 0.16 0.12
Rejection by microscopic examination, % 0.7 5eT0
Rejection in surface conditioning 140 x LUQe-mn '
billets, % 0.02 0,02
- 9 -
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fndexes T "heoxidation | Deoxtdatien|
with CaSi with lump
SUURRURRUUUN SRS |-+ S

———-

Total rojection out of the melting ehop 0.89 5484

7o0 0466 0.73
a0 [ 53,19 ug, 88
Oontent of sulfur in finished steel, % 3 0,010 0,011

Oontent in slag bvefore tapping, %
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